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Introduction {#cbin10975-sec-0002}
============

Microglia are important players of immune response in the central nervous system (CNS), and are crucial for host defense and tissue repair under physiological conditions (Cianciulli et al., [2016](#cbin10975-bib-0003){ref-type="ref"}; N\'Diaye et al., [2009](#cbin10975-bib-0011){ref-type="ref"}). However, aberrant activation of microglia, such as lipopolysaccharide (LPS) stimulation, can promote inflammation by releasing pro‐inflammatory nitric oxide (NO), lactate dehydrogenase (LDH), and interleukin‐1β (IL‐1β), tumor necrosis factor‐α (TNF‐α) (Park et al., [2012](#cbin10975-bib-0012){ref-type="ref"}; Dong et al., [2014](#cbin10975-bib-0005){ref-type="ref"}; Tong et al., [2017](#cbin10975-bib-0017){ref-type="ref"}), eventually leading to neuronal death. Evidences indicated this process was involved in the pathogenesis of neuroinflammatory diseases such as multiple sclerosis, Alzheimer\'s disease and Parkinson\'s disease (Coughlin et al., [2017](#cbin10975-bib-0004){ref-type="ref"}; Jimenez‐Ferrer et al., [2017](#cbin10975-bib-0008){ref-type="ref"}). Therefore, understanding the regulation of microglial activation and controlling the subsequent inflammation will be of significance in management of neuroinflammatory diseases.

Triggering receptor expressed on myeloid cell‐2 (TREM2) is a cellular surface receptor which belongs to the lectin‐like immunoglobulin superfamily. TREM2 is highly expressed in microglia with approximately 300‐fold higher than that in the neuron and other glial cells (Luo et al., [2014](#cbin10975-bib-0010){ref-type="ref"}; Wu et al., [2015](#cbin10975-bib-0022){ref-type="ref"}), and acts as a key regulator of inflammatory response (Torika et al., [2016](#cbin10975-bib-0018){ref-type="ref"}; Choi et al., [2017](#cbin10975-bib-0002){ref-type="ref"}; Zhong et al., [2017](#cbin10975-bib-0024){ref-type="ref"}). TREM‐2 down‐regulates TLR4‐mediated cytokine responses, TNF‐α production and the NF‐kB activation (Peng et al., [2010](#cbin10975-bib-0013){ref-type="ref"}; Sharif et al., [2014](#cbin10975-bib-0016){ref-type="ref"}). TLR4 is activated by bacteria to modulate the innate immune responses, which releases pro‐ and anti‐inflammatory cytokines to promote robust inflammatory responses (Gawish et al., [2015](#cbin10975-bib-0006){ref-type="ref"}). The PI3K is an upstream event of the NF‐κB pathway, which is the most important downstream pathway mediated by TLR4. Recent data indicate TREM2 is capable of binding to bacteria (Lehnardt, [2010](#cbin10975-bib-0009){ref-type="ref"}) and impacts the phagocytosis and apoptosis via the PI3K signaling in macrophages (Lehnardt, [2010](#cbin10975-bib-0009){ref-type="ref"}; Jay et al., [2015](#cbin10975-bib-0007){ref-type="ref"}; Ull et al., [2017](#cbin10975-bib-0019){ref-type="ref"}). TREM2 silencing can enhance LPS induced pro‐inflammatory cytokineproduction in microglia (Wu et al., [2015](#cbin10975-bib-0022){ref-type="ref"}; Choi et al., [2017](#cbin10975-bib-0002){ref-type="ref"}). Studies also indicate PI3K signaling likely modulate pro‐inflammatory signals in microglia (Wang et al., [2016](#cbin10975-bib-0021){ref-type="ref"}). Therefore, we speculate that TREM2 might inhibit the activation of microglia and control the expression of inflammatory mediators by modulating the PI3K/NF‐κB signaling. Thus, in the present study, we investigate the anti‐inflammatory effects of TREM2 and the mechanisms in LPS‐stimulated BV2 microglia.

Materials and methods {#cbin10975-sec-0003}
=====================

Cell culture {#cbin10975-sec-0004}
------------

Mouse BV2 microglia were purchased from the Cell Bank of Type Culture Collection of Chinese Academy of Sciences (Shanghai, China). The cells were maintained in Dulbecco\'s Modified Eagle\'s Medium (High Glucose, Gibco) with 10% heat‐inactivated fetal bovine serum (FBS, Gibco) at 37°C in a humidified incubator of 5% CO~2~. When the cells were grown to approximately 80% confluency, they were used for experiments.

Transfection {#cbin10975-sec-0005}
------------

BV2 cells (4 × 10^6^ cells/well) were cultured in six‐well plates overnight and transfected with 200 nM TREM2‐specific siRNA or control siRNA by electroporation using a glial specific Nucleofector kit in the Amaxa Nucleofector (Lonza, Shanghai, China), according to the manufacturer\'s instructions. The transfected cells were cultured for 48 h to generate BV2/siRNA and BV2/siRNA‐TREM2 cells, respectively.

The sequences of siRNAs were

control siRNA: forward ′5‐UUCUCCGAACGUGUCACGUTT‐3′,

reverse ′5‐ACGUGACACGUUCGGAGAATT‐3′;

TREM2‐siRNA1: forward ′5‐GACGUUGGUAACUGACAAATT‐3′

reverse 5′‐UUUGUCAGUUACCAACGUCTT‐3′;

TREM2‐siRNA2: forward 5′‐GUCCAUCUAAGGAUGCAAUTT‐3′,

reverse 5′‐AUUGCAUCCUUAGAUGGACTT‐3′;

TREM2‐siRNA3: forward 5′‐GACCUUUCAUUCAGAAGCUTT‐3′

The relative levels of TREM2 expression were determined by Western blot. To generate TREM2 overexpression, cDNA for TREM2 was amplified from a cDNA library and cloned into plasmid of pC1 (Promega, Madison, USA) to generate p‐TREM2, followed by sequencing (Wang et al., [2016](#cbin10975-bib-0021){ref-type="ref"}). BV2 cells were transfected with control pC1 or p‐TREM2 by electroporation. The cells were treated with G418 for 3 weeks to generate stable control BV2/NC, TREM2 over‐expressing BV2/TREM2 cells. The relative levels of TREM2 expression were determined by quantitative RT‐PCR and Western blot assays.

Measurements of NO and LDH {#cbin10975-sec-0006}
--------------------------

BV2, BV2/NC, BV2/TREM2, BV2/siRNA, and BV2/siRNA‐TREM2 cells were pre‐treated with vehicle or 10 μM LY294002, a PI3K inhibitor (MCE, Shanghai, China), for 1 h and treated vehicle or 1 μg/mL of LPS (Sigma) for 24 h. The concentrations of nitrite, an indicative of NO, in the supernatants of cultured cells were determined using the Griess reaction kit (Jiancheng, Nanjing, China). Briefly, aliquots of culture supernatants from each group were mixed with an equal volume of Griess reagent \[(1% sulfanilamide/0.1% N‐(1‐naphthyl)‐ethylenediamine dihydrochloride/2.5% H~3~PO~4~\] for 15 min and measured for the absorbance at 540 nm using a microplate spectrophotometer. The concentrations of nitrite were determined, according to the standard curve of different concentrations of sodium nitrite.

Similarly, the concentrations of LDH in the supernatants of each group of cells were examined using the 2,4‐dinitrophenylhydrazine chromogenic colorimetric kit (Jiancheng, Nanjing, China), according to the manufacturers' instruction. The concentrations of LDH were measured for the absorbance at 440 nm using a microplate spectrophotometer and calculated according to the standard curve.

Cell viability {#cbin10975-sec-0007}
--------------

BV2, BV2/NC, BV2/TREM2, BV2/siRNA, and BV2/siRNA‐TREM2 cells (1 × 10^4^ cells/well) were cultured in 96‐well plates overnight. The cells were pre‐treated with vehicle or 10 μM LY294002 (MCE, Shanghai, China) for 1 h and treated with vehicle or 1 μg/mL of LPS for 24 h. During the last 2 h culture, individual wells of cells were exposed to10 μL of CCK‐8 solution (SAB) and measured for the absorbance at 450 nm in a microplate reader (Molecular Devices, CA, USA).

Cell apoptosis assay {#cbin10975-sec-0008}
--------------------

BV2, BV2/NC, BV2/TREM2, BV2/siRNA, and BV2/siRNA‐TREM2 cells (10^6^ cells/well) were cultured in 60 mm plastic dishes overnight. The cells were stimulated with LPS (1 μg/mL) for 24 h. Subsequently, the cells were stained with Annexin V‐FITC and propidium iodide (PI), and the percentages of apoptotic FITC^+^ and FITC^+^PI^+^ cells were analyzed by flow cytometry.

Enzyme‐linked immunosorbent assay (ELISA) {#cbin10975-sec-0009}
-----------------------------------------

BV2, BV2/NC, BV2/TREM2, BV2/siRNA, and BV2/siRNA‐TREM2 cells (1 × 10^4^ cells/well) were cultured in 96‐well plates overnight. The cells were pre‐treated with vehicle or 10 μM LY294002 for 1 h and treated with vehicle or 1 μg/mL of LPS for 24 h. The levels of IL‐1β, TNF‐α, IL‐10, and TGF‐β in the supernatants of different groups of cells were measured by ELISA using specific kits (BD Bioscience), according to the manufacturer\'s protocols.

Immunofluorescence {#cbin10975-sec-0010}
------------------

The different groups of cells were cultured in glass coverslips and dried at 60°C overnight, followed by rehydrating in TBS for 60 min. The cells were subjected to antigen retrieval at 98°C for 20 min in Improved Citrate Antigen Retrieval Solution (Beyotime). After washing five times with TBS, the coverslips were blocked with Immunol Staining Blocking Buffer (Beyotime) for 30 min, and then incubated with anti‐TREM2(1:1000 dilution, Bioss, Boston, USA)at 4°C overnight. The coverslips were washed five times with TBS and incubated with anti‐TREM2 at room temperature (RT) for 60 min. After being washed, the cells were counterstained with 4′,6′‐diamidino‐2‐phenylindole (DAPI) at RT for 5 min, and mounted with Antifade Polyvinylpyrrolidone Medium (Beyotime). Images were acquired under a fluorescent microscope (Olympus, Tokyo, Japan).

Phagocytosis assays {#cbin10975-sec-0011}
-------------------

BV2, BV2/NC, BV2/TREM2, BV2/siRNA, and BV2/siRNA‐TREM2 cells (1 × 10^4^cells/well) on coverslips were pre‐treated with vehicle or 10 μM LY294002 for 1 h and then treated with vehicle or 1 μg/mL of LPS for 24 h. Subsequently, the individual wells of cells were exposed to 0.4 µL fluorescence labeled latex beads (F8775, Invitrogen) at 37°C, 5% CO~2~ for 1 h. After being washed, the cells were fixed in 4% paraformaldehyde and treated with 5% goat serum (Zhongshan Golden Bridge Biotechnology, Beijing, China). The cells were incubated with rabbit anti‐mouse Iba‐1 overnight at 4°C and stained with Alexa Fluor 488‐goat anti‐rabbit IgG (H + L) (Proteintech, CHI, USA), followed by counterstaining with DAPI. The fluorescent signals were captured under a fluorescent microscope (OLYMPUS) and further analyzed using Image J software (National Institutes of Health, Bethesda, USA). The percentages of positive phagocytic cells were determined by calculating the number of cells with fluorescence labeled latex beads (red signal) relative to total numbers of microglia (green signal).

Reverse transcriptase‐polymerase chain reaction (RT‐PCR) {#cbin10975-sec-0012}
--------------------------------------------------------

Total RNA was extracted by using TRIzol reagent (Invitrogen) and reversely transcribed into cDNA using the Prime Script RT Master Mix Kit (TaKaRa). The relative levels of TREM2, and the β‐actin were determined by quantitative PCR using the SYBR Premix and specific primers on the Super Script One‐Step RT‐PCR System (Applied Biosystems), according to the manufacturer\'s instructions. PCR amplification was performed in triplicate. The data were analyzed by 2^−ΔΔCt^.

TREM2 forward primers ′5‐GAGACCTCCTTCCCACCCACCT‐3′,

reverse primers ′5‐GGCTTCTGCCTGCCCCTG‐3′;

β‐actin forward primers ′5‐AGGTCGGTGTGAACGGATTTG‐3′,

reverse primers ′5‐GGGGTCGTTGATGGCAACA‐3′.

Western blot {#cbin10975-sec-0013}
------------

The different groups of cells were harvested and lyzed in lysis buffer (Beyotime) supplemented with 1 mM phenylmethanesulfonyl fluoride (PMSF, Sigma), followed by centrifugation at 12,000*g* for 15 min at 4°C. After quantification of protein concentrations by using the Bicinchoninic Acid Protein Assay Kit (Beyotime), the cell lysates (30 μg) were separated by sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS--PAGE) on 12% gels and transferred onto polyvinylidene difluoride membranes (PVDF, Millipore). The blots were blocked with 5% fat‐free dry milk in TBST (1 mM Tris, 150 mM NaCl, 0.1% Tween20, pH 7.4) RT for 2 h and probed with primary antibodies at 4°C overnight. The primary antibodies included anti‐TREM2 (bs2723R, Bioss), anti‐GAPDH (AP0063, Bioworld, Minneapolis--Saint Paul, Minnesota, USA), anti‐pAKT(AF0016), anti‐p‐NF‐kBp65(AF2006, Affinity) and anti‐β‐actin (ab8226, Abcam. After washed, the bound antibodies were detected with horseradish peroxidase (HRP)‐conjugated secondary antibodies and visualized using the Super signal West Dura Extended Duration Substrate (Thermo Scientific Pierce). The relative levels of target protein to control were determined by densitometric scanning using the ChemiDoc XRS+ System (Bio‐RAD).

Statistical analyses {#cbin10975-sec-0014}
--------------------

Data are expressed as the mean ± S.D. The difference among the groups was calculated by one‐way ANOVA of variance and post hoc Dunnett\'s test (SPSS version 17). A two‐tailed *P * \< 0.05 was considered statistically significant.

Results {#cbin10975-sec-0015}
=======

TREM2 mitigates LPS‐induced PI3K‐dependent cytotoxicity in BV2 microglia {#cbin10975-sec-0016}
------------------------------------------------------------------------

To determine the potential effect of TREM2 on LPS‐induced cytotoxicity against BV2 cells, cells were transfected with control pC1 or p‐TREM2 to generate BV2/NC and stable TREM2‐over‐expressing BV2/TREM2 cells, respectively. Simultaneously, BV2 cells were transfected with control siRNA or different TREM2‐specific siRNAs for 48 h. Subsequently, the relative levels of TREM2 mRNA transcripts and protein expression were determined by quantitative RT‐PCR and Western blot. As shown in Figures [1](#cbin10975-fig-0001){ref-type="fig"}A and [1](#cbin10975-fig-0001){ref-type="fig"}B. significantly higher levels of TREM2 mRNA transcripts and protein expression were detected in BV2/TREM2 cells, relative to that in the control BV2/NC. Western blot revealed that transfection with TREM2‐specific siRNA2 dramatically reduced the relative levels of TREM2 expression in BV2/siRNA‐TREM2 cells, compared with that in the BV2/siRNA cells (Figures [1](#cbin10975-fig-0001){ref-type="fig"}C and [1](#cbin10975-fig-0001){ref-type="fig"}D).

![**Characterization of TREM2 expression in different groups of BV2 cells.** BV2 cells were transfected with control pC1 or pTREM2 to generate stable BV2/NC and BV2/TREM2 cells. Simultaneously, BV2 cells transfected with control or TREM2‐specific siRNAs for 48 h. The relative levels of TREM2 expression in BC2/NC and BV2/TREM2 were determined by quantitative RT‐PCR and Western blot. The relative levels of TREM2 to GADPH protein expression in the control and TREM2‐specific siRNA‐transfected cells were determined by Western blot. Data are representative images and expressed as the mean ± SD of each group of cells from three separate experiments. (A) Quantitative RT‐PCR analysis of TREM2 mRNA transcripts. (B) Western blot analysis of TREM2 expression in BV2/NC and BV2/TREM2 cells. (C) Quantitative RT‐PCR analysis of TREM2‐specific siRNA mRNA transcripts. (D) Western blot analysis of TREM2 expression in BV2/NC and BV2/ TREM2‐specific siRNAs cells. \*\**P* \< 0.01 versus the BV2 cells; ^*\#\#*^ *P* \< 0.01 versus the BV2/NC; \^\^*P* \< 0.01 versus the BV2 siRNA ctrl cells.](CBIN-43-360-g001){#cbin10975-fig-0001}

To determine the effect of TREM2 on LPS‐induced cytotoxicity, BV2, BV2/NC, BV2/TREM2, BV2/siRNA, and BV2/siRNA‐TREM2 cells were pre‐treated with vehicle or 10 μM LY294002 for 1 h and treated with vehicle or 1 μg/mL of LPS for 24 h. The viability of different groups of cells was determined by the CCK8 assay. LPS stimulation significantly reduced the viability of BV2 cells, which was mitigated in BV2/TREM2 cells (Figure [2](#cbin10975-fig-0002){ref-type="fig"}A). Furthermore, pre‐treatment with LY294002 to block the PI3K signaling completely abrogated LPS‐induced cytotoxicity and enhanced BV2/TREM2 cell proliferation even after treatment with LPS. In contrast, knockdown of TREM2 deteriorated LPS‐related cytotoxicity against BV2 cells (Figure [2](#cbin10975-fig-0002){ref-type="fig"}B). Inhibition of the PI3K signaling partially mitigated LPS‐induced cytotoxicity against TREM2‐silencing BV2 cells and completely abrogated LPS‐induced cytotoxicity against control BV2 cells. Together, these indicated that TREM2 mitigated LPS‐induced PI3K‐dependent cytotoxicity against mouse microglia in vitro.

![**Altered TREM2 expression modulates the LPS‐induced PI3K‐dependent cell proliferation in BV2 cells.** BV2, BV2/NC, BV2/TREM2, BV2/siRNA, and BV2/siRNA‐TREM2 cells were pre‐treated in triplicate with, or without, LY294002, a PI3 K inhibitor, for 1 h and stimulated with, or without, LPS for 24 h. The cell viability of individual groups of cells were determined by the CCK8 assays. Data are expressed as the mean ± SD of each group of cells from three separate experiments. (A) Induction of TREM2 over‐expression mitigates LPS‐induced PI3K‐dependent cytotoxicity against in BV2 cells. (B) Knockdown of TREM2 expression enhances LPS‐induced PI3K‐dependent cytotoxicity against BV2 cells. \*\**P* \< 0.01 versus the BV2 cells; ^\#\#^ *P* \< 0.01 versus the BV2/NC; \^\^*P* \< 0.01 versus the BV2/NC or BV2/NC siRNA ctrl cells; ^&&^ *P* \< 0.01 versus the BV2/NC PI3K‐inhibitor or BV2/NC siRNA ctrl PI3K‐inhibitor cells.](CBIN-43-360-g002){#cbin10975-fig-0002}

TREM2 promotes LPS‐stimulated phagocytosis in BV2 microglia, which was inhibited by the PI3K signaling {#cbin10975-sec-0017}
------------------------------------------------------------------------------------------------------

To investigate further functional consequences of altered TREM2 expression, we tested the phagocytosis of different groups of BV2 microglia. As shown in Figure [3](#cbin10975-fig-0003){ref-type="fig"}, treatment with LPS significantly increased the percentages of phagocytosed BV2 cells, which was significantly enhanced by TREM2 over‐expression. Treatment with the PI3K inhibitor did not affect LPS‐stimulated phagocytosis, but significantly increased the percentages of phagocytosed BV2/TREM2 cells (Figures [3](#cbin10975-fig-0003){ref-type="fig"}A and [3](#cbin10975-fig-0003){ref-type="fig"}B). In contrast, knockdown of TREM2 significantly reduced LPS‐stimulated phagocytosis in BV2 cells, which was abrogated by pre‐treatment with the PI3K inhibitor (Figures [3](#cbin10975-fig-0003){ref-type="fig"}C and [3](#cbin10975-fig-0003){ref-type="fig"}D). Moreover, blockage of the PI3K signaling increased the percentages of phagocytosed BV2 cells. These independent lines of evidence indicated that TREM2 promoted LPS‐stimulated phagocytosis of BV2 cells, which was inhibited by the PI3K signaling.

![**Altered TREM2 expression changes LPS‐stimulated PI3K‐inhibited phagocytosis in BV2 cells.** The different groups of cells were pre‐treated with, or without, the PI3K inhibitor and stimulated with, or without, LPS for 24 h. Subsequently, the different groups of cells were treated with fluorescence labeled latex beads at 37°C, 5% CO~2~ for 1 h. After being washed, the cells were stained with rabbit anti‐mouse Iba‐1 and then Alexa Fluor 488‐goat anti‐rabbit IgG, followed by counterstained with DAPI. The cells were photoimaged and the percentages of phagocytosed (red color) cells in total DAPI+ cells were calculated. Data are representative images or expressed as the mean ± SD of each group of cells from three separate experiments. (A and B) Induction of TREM2 overexpression enhances LPS‐induced PI3K‐inhibited phagocytosis in BV2 cells. (C and D) Knockdown of TREM2 expression reduces LPS‐induced PI3K‐inhibited phagocytosis in BV2 cells. In Figure [3](#cbin10975-fig-0003){ref-type="fig"}B: a. BV2 b. BV2+LPS c. BV2+TREM2 WT+LPS d. BV2+ TREM2 overexpression + LPS e. BV2+ TREM2 WT+ PI3K‐inhibitor + LPS, f: BV2+ TREM2 overexpression + PI3K‐inhibitor + LPS. Page 25 of 31 Cell Biology International For Review Only In Figure [3](#cbin10975-fig-0003){ref-type="fig"}D, a. BV2 b. BV2+LPS c. BV2+SiRNA ctrl+LPS d. BV2+ SiRNA TREM2 + LPS e. BV2+ SiRNA ctrl + PI3K‐inhibitor + LPS f. BV2+ SiRNA TREM2 + PI3K‐inhibitor + LPS. \*\**P *\< 0.01 versus the BV2 cells. ^*\#\#*^ *P *\< 0.01 versus the BV2/NC ^\^\^^ *P *\< 0.01 versus BV2/NC or BV2/NC siRNA ctrl cells ^&&^ *P *\< 0.01 versus the BV2/NC PI3K‐inhibitor or BV2/NC siRNA ctrl PI3K‐inhibitor cells.](CBIN-43-360-g003){#cbin10975-fig-0003}

TREM2 reduces LPS‐induced PI3K‐enhanced apoptosis of BV2 cells {#cbin10975-sec-0018}
--------------------------------------------------------------

Next, we investigated whether altered TREM2 expression affected the survival of BV2 cells. The different groups of cells were pre‐treated with, or without, the PI3K inhibitor and stimulated with, or without, LPS for 24 h. The percentages of apoptotic cells were determined by flow cytometry. As shown in the Figures [4](#cbin10975-fig-0004){ref-type="fig"}A and [4](#cbin10975-fig-0004){ref-type="fig"}B, stimulation with LPS significantly increased the percentages of apoptotic BV2 cells, which was significantly mitigated by TREM2 over‐expression or pre‐treatment with the PI3K inhibitor. Pre‐treatment with the PI3K inhibitor nearly completely abrogated the LPS‐enhanced apoptosis in BV2/TREM2 cells. In contrast, knockdown of TREM2 expression significantly increased the percentages of apoptotic cells, which was dramatically reduced by pre‐treatment with the PI3K inhibitor (Figures [4](#cbin10975-fig-0004){ref-type="fig"}C and [4](#cbin10975-fig-0004){ref-type="fig"}D). Similarly, pre‐treatment with the PI3K inhibitor also reduced the LPS‐enhanced apoptosis of BV2 cells. Thus, TREM2 acted as an antagonist against LPS‐induced PI3K signaling‐enhanced apoptosis of BV2 cells.

![**TREM2 reduces LPS‐induced PI3K‐enhanced apoptosis of BV2 cells.** BV2, BV2/NC, BV2/TREM2, BV2/siRNA, and BV2/siRNA‐TREM2 cells were pre‐treated in triplicate with, or without, LY294002, a PI3K inhibitor, for 1 h and stimulated with, or without, LPS for 24 h. The percentages of apoptotic cells were determined by flow cytometry. Data are representative flow cytometry charts or expressed as the mean ± SD of each group of cells from three separate experiments. (A and B) Induction of TREM2 overexpression reduces LPS‐induced PI3K‐enhanced apoptosis of BV2 cells. (C and D) Knockdown of TREM2 expression increases LPS‐induced PI3K‐enhancedapoptosis of BV2 cells. \*\**P *\< 0.01 versus the BV2 cells ^\#\#^ *P *\< 0.01 versus the BV2/NC ^\^\^^ *P *\< 0.01 versus the BV2/NC or BV2/NC siRNA ctrl cells ^&&^ *P *\< 0.01 versus the BV2/NC PI3K‐inhibitor or BV2/NC siRNA ctrl PI3K‐inhibitor cells.](CBIN-43-360-g004){#cbin10975-fig-0004}

TREM2 inhibits LPS‐stimulated PI3K‐dependent NO and LDH production in BV2 cells {#cbin10975-sec-0019}
-------------------------------------------------------------------------------

To understand the regulatory effect of TREM2, we further examined the levels of NO production and LDH in the different groups of cells. As shown in Figures [5](#cbin10975-fig-0005){ref-type="fig"}A and [5](#cbin10975-fig-0005){ref-type="fig"}B, LPS stimulated high levels of NO production in the supernatants and LDH activity in BV2 cells, which were significantly reduced by TREM2 over‐expression or pre‐treatment with the PI3K inhibitor. Similarly, pre‐treatment with the PI3K inhibitor enhanced TREM2‐mediated inhibition of LPS‐stimulated NO production and LDH activity in BV2 cells. In contrast, knockdown of TREM2 increased the levels of NO and LDH activity (Figures [5](#cbin10975-fig-0005){ref-type="fig"}C and [5](#cbin10975-fig-0005){ref-type="fig"}D). Pre‐treatment with the PI3 K inhibitor significantly mitigated LPS‐stimulated NO production and LDH activity in both BV2 and BV2/TREM2 cells. Together, these data indicated that TREM2 inhibits LPS‐stimulated PI3K‐dependent NO and LDH production in BV2 cells.

![**TREM2 inhibits LPS‐stimulated PI3K‐dependent NO production and LDH activity in BV2 cells.** BV2, BV2/NC, BV2/TREM2, BV2/siRNA, and BV2/siRNA‐TREM2 cells were pre‐treated in triplicate with, or without, LY294002, a PI3K inhibitor, for 1 h and stimulatedwith, or without, LPS for 24 h. The concentrations of NO in the supernatants of cultured cells were determined and the LDH activity in different groups of cells was analyzed. Data are expressed as the mean ± SD of each group of cells from three separate experiments. (A and B) Induction of TREM2 overexpression reduces LPS‐induced PI3K‐enhanced NO production and LDH activity in BV2 cells. (C and D) Knockdown of TREM2 expression increases LPS‐induced PI3K‐enhanced NO production and LDH activity in BV2 cells. \*\**P *\< 0.01 versus the BV2 cells ^\#\#^ *P *\< 0.01 versus the BV2/NC ^\^\^^ *P *\< 0.01 versus the BV2/NC or BV2/NC siRNA ctrl cells ^&&^ *P *\< 0.01 versus the BV2/NC PI3K‐inhibitor or BV2/NC siRNA ctrl PI3K‐inhibitor cells.](CBIN-43-360-g005){#cbin10975-fig-0005}

TREM2 attenuates LPS‐induced PI3K‐dependent IL‐1β and TNF‐α, but enhances IL‐10 and TGF‐β expression in BV2 cells {#cbin10975-sec-0020}
-----------------------------------------------------------------------------------------------------------------

We further examined the effect of altered TREM2 expression on the levels of TNF‐α, IL‐1β, IL‐10, and TGF‐β in the supernatants of different groups of cells. LPS stimulation significantly increased the levels of TNF‐α and IL‐1β, but reduced the levels of IL‐10 and TGF‐β in the supernatants of cultured BV2 cells (Figure [6](#cbin10975-fig-0006){ref-type="fig"}A). Induction of TREM2 over‐expression mitigated LPS‐stimulated TNF‐α and IL‐1β, and LPS‐reduced IL‐10 and TGF‐β production in BV2 cells. In addition, pre‐treatment with the PI3K inhibitor significantly mitigated LPS‐modulated TNF‐α, IL‐1β, while increased IL‐10 and TGF‐β production in BV2 and BV2/TREM2 cells. In contrast, knockdown of TREM2 expression significantly enhanced LPS‐stimulated TNF‐α and IL‐1β, and LPS‐reduced IL‐10 and TGF‐β production in BV2 cells (Figure [6](#cbin10975-fig-0006){ref-type="fig"}B). Pre‐treatment with the PI3K inhibitor dramatically abrogated the LPS‐stimulated TREM2‐enahnced TNF‐α and IL‐1β in BV2 cells and rescued the LPS‐decreased TREM2 silencing enhanced IL‐10 and TGF‐β production in BV2 cells. Thus, TREM2 attenuates LPS‐induced PI3K‐dependent IL‐1β and TNF‐α, but enhances IL‐10 and TGF‐β expression in BV2 cells.

![**TREM2 modulates LPS‐stimulated cytokine production in BV2 cells.** BV2, BV2/NC, BV2/TREM2, BV2/siRNA, and BV2/siRNA‐TREM2 cells were pre‐treated with, or without, LY294002, a PI3K inhibitor, for 1 h and stimulated with, or without, LPS for 24 h. The concentrations of TNF‐α, IL‐1β, IL‐10, and TGF‐β1 in the supernatants of different groups of cells were determined by ELISA. Data are expressed as the mean ± SD of each group of cells from three separate experiments. (A) Induction of TREM2 overexpression reduces LPS‐induced PI3K‐enhanced PI3K‐dependent TNF‐α, IL‐1β, but promotes the PI3K‐dpendent IL‐10 and TGF‐β1 expression in BV2 cells. (B) Knockdown of TREM2 expression enhances LPS‐induced PI3K‐dependent TNF‐α, IL‐1β, but decreases the PI3K‐dpendent IL‐10 and TGF‐β1 expression in BV2 cells. \*\**P *\< 0.01 versus the BV2 cells ^*\#\#*^ *P *\< 0.01 versus the BV2/NC ^\^\^^ *P *\< 0.01 versus the BV2/NC or BV2/NC siRNA ctrl cells ^&&^ *P *\< 0.01 versus the BV2/NC PI3K‐inhibitor or BV2/NC siRNA ctrl PI3K‐inhibitor cells.](CBIN-43-360-g006){#cbin10975-fig-0006}

TREM2 prevents from LPS‐induced NF‐κB and PI3K activation in BV2 cells {#cbin10975-sec-0021}
----------------------------------------------------------------------

The PI3K and NF‐κB signaling are crucial for cell survival and inflammatory cytokine production. To further understand the mechanisms underlying the action of TREM2, We determined the effect of altered TREM2 expression on the PI3K and NF‐kB activation in BV2 cells. First, we found that LPS treatment did not affect the relative levels of PI3K and NF‐kB p65 expression, but significantly increased the relative levels of phosphorylated AKT and NF‐kB p65, indicating that LPS stimulated both the PI3K and NF‐kB activation in BV2 cells (Figure [7](#cbin10975-fig-0007){ref-type="fig"}). Furthermore, induction of TREM2 over‐expression did not affect the relative levels of AKT and NF‐kB p65 expression, but significantly reduced the relative levels of phosphorylated AKT and NF‐kB p65 in BV2 cells (Figure [8](#cbin10975-fig-0008){ref-type="fig"}). Pre‐treatment with the PI3K inhibitor not only significantly reduced the relative levels of phosphorylated AKT, but also the relative levels of phosphorylated NF‐kBp65 in BV2 and BV2/TREM2 cells. In contrast, knockdown of TREM2 did not affect the relative levels of AKT and NF‐kB p65 expression, but significantly enhanced LPS‐stimulated AKT and NF‐kB p65 phosphorylation in BV2 cells (Figure [9](#cbin10975-fig-0009){ref-type="fig"}). Pre‐treatment with the PI3K inhibitor significantly reduced the AKT activation in both BV2 and BV2/TREM2‐siRNA cells. Collectively, these data revealed that TREM2 inhibited the LPS‐stimulated PI3K‐dependent AKT and NF‐kB activation in BV2 cells.

![**LPS‐induced NF‐κB activation in BV2 cells.** BV2 cells were stimulated with, or without LPS for 24 h. The relative levels of AKT and NF‐kB expression and phosphorylation to the control β‐actin in the different groups of cells were determined by Western blot assays. Data are representative images or expressed as the mean ± SD of each group of cells from three separate experiments. In Figure [7](#cbin10975-fig-0007){ref-type="fig"}B: 1. BV‐2+TREM2‐WT+LPS 2. BV2+T REM2‐overexpression+LPS 3. BV2 +TREM2‐WT+ PI3K‐inhibitor + LPS 4. BV2 + TREM2‐overexpression + PI3K‐inhibitor + LPS. In Figure [7](#cbin10975-fig-0007){ref-type="fig"}C: 1. BV2+siRNA‐ctrl+LPS 2. BV‐2+ siRNA‐TREM2+LPS 3. BV2 + siRNA‐ctrl +PI3K‐inhibitor + LPS 4. BV2 + siRNA‐TREM2 + PI3K‐inhibitor + LPS.](CBIN-43-360-g007){#cbin10975-fig-0007}

![**LPS‐induced NF‐κB activation in BV2 cells.** BV2 cells were stimulated with, or without LPS for 24 h. The relative levels of AKT and NF‐κB p65 expression were determined by Western blot assays. Data are representative images or expressed as the mean ± SD of each group of cells from three separate experiments. \*\**P *\< 0.01 versus the BV2 cell.](CBIN-43-360-g008){#cbin10975-fig-0008}

![**TREM2 prevents from LPS‐induced NF‐κB and PI3K activation in BV2 cells.** BV2, BV2/NC, BV2/TREM2, BV2/siRNA, and BV2/siRNA‐TREM2 cells were pre‐treated with, or without, LY294002, a PI3K inhibitor, for 1 h and stimulated with, or without, LPS for 24 h. (A) Induction of TREM2 overexpression reduces the LPS‐induced PI3K and AKT activation in BV2 cells. (B) Knockdown of TREM2 expression enhances the LPS‐induced AKT and NF‐kB activation in BV2 cells. \*\**P *\< 0.01 versus the BV2 cells ^\#\#^ *P *\< 0.01 versus the BV2/NC ^\^\^^ *P *\< 0.01 versus the BV2/NC or BV2/NC siRNA ctrl cells ^&&^ *P *\< 0.01 versus the BV2/NC PI3K‐inhibitor or BV2/NC siRNA ctrl PI3K‐inhibitor cells.](CBIN-43-360-g009){#cbin10975-fig-0009}

Discussion {#cbin10975-sec-0022}
==========

In the present study, we found that TREM2 protected BV2 microglia cells from LPS‐induced apoptosis and inhibited LPS‐induced the related inflammatory responses in BV2 microglia cells. TREM2, like the PI3K inhibitor, significantly reduced the LPS‐induced production of pro‐inflammatory mediators, such as NO and LDH, as well as IL‐1β and TNF‐α, whereas dramatically enhanced the release of anti‐inflammatory cytokines such as IL‐10 and TGF‐β, which associated with negatively regulating the PI3K and NF‐κB signaling in BV2 cells. The novel findings extended previous observations (Ull et al., [2017](#cbin10975-bib-0019){ref-type="ref"}; Zhong et al., [2017](#cbin10975-bib-0024){ref-type="ref"}) and supported the notion that TREM2 might act as an anti‐inflammatory factor in the CNS and might be valuable for ameliorating neuroinflammatory diseases.

It is well known that high levels of NO and LDH can be cytotoxic to kinds of cells including microglia. Previous studies have shown that severe inflammation, such as infection, can induce high levels of NO and LDH production, associated with enhanced pro‐inflammatory cytokine release (Park et al., [2012](#cbin10975-bib-0012){ref-type="ref"}; Tong et al., [2017](#cbin10975-bib-0017){ref-type="ref"}). Down‐regulating these inflammatory molecules has been considered as potential candidates of anti‐inflammatory agents to alleviate the progression of neuroinflammatory diseases caused by activated microglia. In this study, we found that TREM2 markedly inhibited LPS‐induced NO and LDH production, reduced microglial apoptosis, and enhanced microglial phagocytosis and cell viability. Thus, these results indicated that TREM2 showed potent anti‐neuroinflammatory effects and inhibited microglia‐mediated inflammatory responses and/or oxidative stress. However, TREM‐2 promoted macrophage killing by enhancing reactive oxygen species, but not NO production (Zhu et al., [2014](#cbin10975-bib-0025){ref-type="ref"}). It is may be attributed to the different mechanisms for pseudomonas aeruginosa and LPS. Recent studies reported that treatment with TREM2‐overexpressing bone marrow‐derived myeloid cells significantly reduced the mortality of polymicrobial sepsis, whereas blockage of TREM2 signaling after sepsis dramatically increased the mortality (Chen et al., [2013](#cbin10975-bib-0001){ref-type="ref"}). Following LPS stimulation, the synthesis of pro‐inflammatory cytokines were markedly elevated in TREM2‐depleted microglia (Wang et al., [2015](#cbin10975-bib-0020){ref-type="ref"}; Zhong et al., [2015](#cbin10975-bib-0023){ref-type="ref"}, [2017](#cbin10975-bib-0024){ref-type="ref"}). In addition, either TREM2 or DNAX‐activating protein of 12 kDa (DAP12) knockdown in BV2. Microglia significantly increased IL‐1β and IL‐6 releases followed by LPS stimulation (Peng et al., [2013](#cbin10975-bib-0014){ref-type="ref"}).

TREM2 is associated with DAP12, which contains an immunoreceptor tyrosine‐based activation motif. After TREM2 binds with the ligands exposed in microglia, the immunoreceptor tyrosinebased activation motif‐based transduction complex is phosphorylated, which in turn activates the downstream signaling and finally leads to cellular response (Luo et al., [2014](#cbin10975-bib-0010){ref-type="ref"}; Jay et al., [2015](#cbin10975-bib-0007){ref-type="ref"}; Wang et al., [2016](#cbin10975-bib-0021){ref-type="ref"}; Choi et al., [2017](#cbin10975-bib-0002){ref-type="ref"}). TREM2 activated PI3 K in macrophage (Peng et al., [2010](#cbin10975-bib-0013){ref-type="ref"}; Zhu et al., [2014](#cbin10975-bib-0025){ref-type="ref"}), whereas, the PI3K/AKT signaling can control a variety of cellular proliferation and survival processes as well as inflammatory responses. Previous studies have shown that PI3K/AKT signaling negatively regulates LPS‐induced acute inflammatory responses in microglia (Dong et al., [2014](#cbin10975-bib-0005){ref-type="ref"}; Cianciulli et al., [2016](#cbin10975-bib-0003){ref-type="ref"}; Schaafsma et al., [2017](#cbin10975-bib-0015){ref-type="ref"}). Therefore, to further confirm the inhibitory effects of TREM2 in microglia, we investigated the pro‐inflammatory mediators release, Akt phosphorylation and NF‐κB activation after treatment with PI3K inhibitor in LPS‐stimulated BV2 cells. And we found that the pro‐inflammatory mediators such as NO, LDH, IL‐1β as well as TNF‐α, and Akt phosphorylation was markedly suppressed by treatment with TREM2 and PI3K inhibitor, respectively. These results suggest that TREM2 overexpression, like inhibition of the PI3K signaling, markedly suppressed LPS‐induced inflammatory responses, accompanied by down‐regulating the AKT phosphorylation and NF‐κB activation in BV2microglia. Hence, the inhibition of LPS‐induced NF‐κB activation by TREM2 may be mediated by negatively regulating the PI3K/AKT signaling in BV2 cells.

In conclusion, our results indicated that TREM2 inhibited LPS‐induced pro‐inflammatory responses, associated with down‐regulating the PI3K/AKT signaling in BV2 microglia. Therefore, our findings may provide new insights into better understanding the inhibitory effects of TREM2 on LPS‐mediated neuroinflammation.
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